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Abstract
Objective—To review the eYcacy of intra-
aortic balloon counterpulsation (IABCP)
in medically refractory ventricular ar-
rhythmia.
Design—Retrospective analysis of the out-
come of patients with ventricular arrhyth-
mia treated with IABCP after transfer
between 1992 and 1997.
Setting—Tertiary cardiac referral centre.
Patients—21 patients (mean age 58 years)
who underwent IABCP for control of ven-
tricular arrhythmia. All had significant
left ventricular impairment (mean ejec-
tion fraction 28.6%); 18 had coronary
artery disease.
Results—Before IABCP, 10 patients had
incessant monomorphic ventricular
tachycardia and 11 had paroxysmal ven-
tricular tachycardia and/or ventricular
fibrillation (VT/VF). IABCP resulted in
suppression of ventricular arrhythmia in
18 patients, of whom 13 were weaned from
IABCP. After stabilisation of ventricular
arrhythmia, 10 patients were maintained
on medical treatment alone and one
underwent endocardial resection. IABCP
was maintained until cardiac transplanta-
tion in five patients. One patient had a
fatal arrest before discharge and one died
from progressive heart failure. IABCP
failed to control ventricular arrhythmia in
three patients and was subsequently dis-
continued. A cardiac assist device was
employed in one of these until cardiac
transplantation; the other two were even-
tually stabilised on medical treatment.
Nineteen patients were discharged from
hospital. Overall survival was 95% at
mean follow up of 25.7 months.
Conclusions—IABCP can be an eVective
means of controlling refractory ventricu-
lar arrhythmia, allowing time for the
institution of more definitive treatment.
(Heart 1999;82:96–100)
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In patients with impaired left ventricular func-
tion, medically refractory ventricular arrhyth-
mia can present a diYcult management
problem. Although an underlying arrhyth-
mogenic substrate is necessary, the arrhythmia
itself will compromise an already impaired
haemodynamic state, by increasing myocardial

ischaemia or left ventricular wall distension,
and so exacerbate the situation. This can lead
to a vicious circle of a worsening haemody-
namic condition in conjunction with an
increasingly arrhythmogenic myocardium. In
such circumstances non-pharmacological
methods of arrhythmia management such as
endocardial resection and ventricular tachycar-
dia ablation are currently employed, despite
the high risk of these procedures in the unsta-
ble patient.

An alternative physical method that sup-
presses the arrhythmia and stabilises the
haemodynamic status may allow time for
implementation of appropriate drug treatment
or enhance the patient’s condition before a
non-pharmacological approach.

Intra-aortic balloon counterpulsation
(IABCP) improves coronary flow and reduces
myocardial distension, thus potentially influ-
encing ventricular irritability by direct and
indirect eVects. Previous reports1–3 have shown
the eYcacy of IABCP in the control of
ventricular arrhythmias after myocardial inf-
arction, yet the arrhythmia itself is rarely
considered a primary indication for IABCP
use.

In this report we describe a retrospective
review of the eYcacy of IABCP in controlling
ventricular arrhythmia in patients resistant to
antiarrhythmic drug treatment, repeated dc
cardioversion, and pacing strategies.

Methods
Between 1992 and 1997, 21 patients (17 male,
four female) were transferred to our unit (a
cardiac tertiary referral centre) with medically
resistant ventricular arrhythmia for further
management, and were considered suitable for
IABCP. The mean age for the group was 58
years (range 44 to 72 years). Consideration of
IABCP was given to any patient with ventricu-
lar arrhythmia refractory to conventional treat-
ment, but who would be suitable for more
definitive treatment or who might otherwise
have a reasonable quality of life if the arrhyth-
mia were controlled.

Clinical details are shown in table 1. Eight-
een patients had ischaemic heart disease. Five
had suVered acute myocardial infarction
between three and 15 days before the onset of
the arrhythmia, 12 had evidence of previous
myocardial infarction (more than three
months before), and one presented three
months after coronary artery bypass grafting
for three vessel disease. Two patients had
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dilated cardiomyopathy, and one was subse-
quently found to have cardiac amyloidosis.

Of the 21 patients, 10 presented with inces-
sant monomorphic ventricular tachycardia
(IMVT) and 11 with paroxysmal ventricular
tachycardia and/or ventricular fibrillation (VT/
VF).

The management of the patients before
counterpulsation is summarised in table 2.
Given the extended period over which patients
were admitted and the varying clinical circum-
stances there are understandable variations in
management.

Before transfer all patients had been loaded
with intravenous amiodarone (mean cumula-
tive dose 6.8 g, range 1.2 to 12 g), and 17 had
received between one and six additional
antiarrhythmic agents (median of two drugs).
Suppression of the arrhythmia by overdrive
ventricular or atrial pacing had been attempted
without success in 11 patients.

On transfer the electrolyte status was
checked and where necessary abnormalities
were rectified. Amiodarone treatment was con-
tinued but all other antiarrhythmic agents were
discontinued. Magnesium and â blockers were
given in some patients but no additional
antiarrhythmic agents were used. There was
clinical evidence of reversible ischaemia in only
one patient. In this patient, angiography
showed two vessel disease and impaired
ventricular function. Coronary angioplasty was
performed on both vessels, but without resolu-
tion of the ventricular arrhythmia.

Coronary disease was evident in 18 of the 21
patients on angiography and all had impaired
left ventricular function. The mean ejection
fraction was 29% (range 10% to 50%) and
mean left ventricular end diastolic pressure was
measured at 25 mm Hg (range 14 to 50 mm
Hg). The morbidity associated with emergency
surgical revascularisation in haemodynamically
unstable patients is well recognised and in the
absence of evidence of reversible ischaemia this
was not considered.

Ventricular and atrial pacing wires were
inserted under fluoroscopic control in 14
patients and attempts to terminate the arrhyth-
mia by pacing were made. Eight of these

Table 1 Patient profile

Clinical details

Cardiac catheterisation

Arrhythmia
Period of
IABP support Outcome

Survival at last
review (months)No Age/sex EF % Coronary angiogram

1 47 M 3 days post-MI;
2 vessel angioplasty

40 2 vessel VT/VF 3 days Med 11

2 57 M 10 days post-MI 40 3 vessel IMVT 3 days Died*
3 63 M 10 days post-MI 40 1 vessel IMVT 4 days Med 14
4 64 F 15 days post-MI 40 2 vessel VT/VF 5 days Med 2
5 54 M 15 days post-MI 35 3 vessel VT 4 days OCTx 12
6 69 M 3 months

post-CABG
50 3 vessel; 4/4 patent

grafts
IMVT 2 days Med 4

7 52 M Old MI; acute LVF 10 3 vessel VT 4 days HCTx 48
8 54 M Old MI; acute LVF 25 3 vessel VT/VF 4 days Med 51
9 47 M Old MI; acute LVF 20 2 vessel VT/VF 10 days OCTx 42
10 55 M Old MI; acute LVF 25 2 vessel IMVT 7 days LVAD

inserted
15¶

11 63 M Old MI 30 1 vessel IMVT 4 days Med 42
12 44 M Old MI 10 3 vessel IMVT 10 days OCTx 26
13 67 F Old MI 30 1 vessel IMVT 8 days Med 54
14 46 M Old MI 20 2 vessel VT 9 days Med 60‡
15 63 M Old MI 20 3 vessel IMVT 3 days Med/AICD 26
16 59 M Old MI 20 1 vessel VT/VF 4 days OCTx Died§
17 67 M Old MI 20 2 vessel IMVT 1 day Endocard

resection
7

18 72 M Old MI 20 3 vessel VT/VF 3 days Med 33
19 62 F Dilated

cardiomyopathy
40 Normal coronaries VT/VF 7 days Died†

20 51 M Cardiac amyloid 30 Normal coronaries VT 9 days Med 34
21 64 F Dilated

cardiomyopathy
35 Normal coronaries IMVT 3 days Med/AICD 1

AICD, automatic implanted cardioverter-defibrillator; F, female; HCTx, heterotopic heart transplantation; IABP, intra-aortic balloon
pump; IMVT, incessant monomorphic ventricular tachycardia; LVAD, left ventricular assist device; LVF, left ventricular failure; M,
male; MI, myocardial infarct; OCTx, orthotopic heart transplantation; VF, ventricular fibrillation; VT, ventricular tachycardia.
*Died from arrhythmic event before discharge.
†Active treatment withdrawn; died from cardiac failure.
‡Elective orthotopic heart transplant at 6 months; alive at 60 months.
§Died at 5 months from acute rejection.
¶Orthotopic heart transplant at 7 months; alive at 15 months.

Table 2 Treatment before intra-aortic balloon counterpulsation

Patient Arrhythmia
Antiarrhythmic
drugs CV Pace

Continuous
atrial pacing

Catheter
ablation

1 VT/VF A,L,P,Mg + − − −
2 IMVT A,P,Mg,L,F,Br,B − + + +
3 IMVT A,L,Mg + + + −
4 VT/VF A,L,Br + + + −
5 VT A + + + −
6 IMVT A,B,M,Mg + + − −
7 VT A,L,Mg + − − −
8 VT/VF A + − − −
9 VT/VF A + − − −
10 IMVT A,L,Mg + + + −
11 IMVT A,D,L,Mg,E − + − −
12 IMVT A,L,Mg − + + −
13 IMVT A,L,Mg,E,P + + + −
14 VT A,F,L,Mg + − − −
15 IMVT A,L,Mg + + − −
16 VT/VF A + − − −
17 IMVT A,P + + − −
18 VT/VF A,P,F + + − −
19 VT/VF A,V,L,B + + − −
20 VT A,Mg + − − −
21 IMVT A,L,Mg + + + −

A, amiodarone; B, â blocker; Br, bretylium; CV, dc cardioversion; D, disopyramide; E, esmolol; F,
flecainide; IMVT, incessant monomorphic ventricular tachycardia; L, lignocaine (lidocaine); M,
mexilitine; Mg, magnesium; P, procainamide; Pace, termination by pacing; V, verapamil, VF, ven-
tricular fibrillation; VT, ventricular tachycardia.
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patients were continuously paced at acceler-
ated atrial rates, with only partial control of
arrhythmia. Catheter ablation was attempted in
one patient.

All patients continued to have frequent ven-
tricular arrhythmia despite the measures out-
lined above. The use of IABCP was primarily
to control the ventricular arrhythmia, although
six patients had suYcient haemodynamic com-
promise for inotropic support.

The intra-aortic balloon pump (IABP) was
inserted percutaneously under local anaesthe-
sia through the right femoral artery and
positioned in the descending thoracic aorta
distal to the left subclavian artery. Counterpul-
sation was immediately initiated. IABCP was
timed to inflate and deflate in synchronisation
with the mechanical cardiac cycle triggered by
the R wave on the ECG.

At the time of IABP insertion, 11 patients
with paroxysmal VT/VF were in sinus or paced
rhythm, in two cases after repeated dc cardio-
version. Counterpulsation was used with a 2:1
ratio during arrhythmia and a 1:1 ratio when
sinus rhythm was present in the 10 patients
with incessant ventricular tachycardia. In these
patients sinus rhythm was achieved by pace
termination in three patients, dc cardioversion
in three, and both methods in four.

Results
The use of IABPC reduced the frequency of
ventricular arrhythmia and stabilised the pa-
tient’s general condition in 18 of the 21 cases.
There were no complications related to the use
of the IABP itself. Complete abolition of
ventricular arrhythmia was achieved in 14
patients and significant reduction in episodes
of sustained ventricular tachycardia in four
(table 3). In the 10 patients with incessant
monomorphic ventricular tachycardia, IABCP
resulted in successful termination of the
arrhythmia (using the treatments described
above in Methods) within 30 to 85 minutes.

Removal of the IABP was considered after at
least 24 hours of haemodynamic and arrhyth-
mic stability. Ventricular arrhythmia was con-

trolled to the extent that it was possible to
withdraw mechanical support in 13 patients.
Stabilisation of ventricular arrhythmia on
medical treatment was maintained in 10 of
these patients. Of the remaining three patients,
one underwent endocardial resection. Another
patient had evidence of progressive heart
failure caused by cardiac amyloidosis with
associated systemic involvement. This patient
was not considered suitable for cardiac trans-
plantation and active treatment was with-
drawn. The third patient suVered a fatal
in-hospital arrest five days after removal of the
balloon.

Control of the arrhythmia was achieved in five
patients, but because of severe ventricular
impairment or dependence on mechanical sup-
port, cardiac transplantation was considered the
optimal definitive management and these were
continued on IABCP until they successfully
underwent cardiac transplantation.

In total, 12 patients were eventually stabi-
lised on medical treatment. Following stabilisa-
tion all patients underwent programmed ven-
tricular stimulation. Ventricular tachycardia
remained inducible in five patients, but in two
the arrhythmia was haemodynamically unsta-
ble and these patients underwent implantation
of a cardioverter-defibrillator.

IABCP failed to produce any improvement
in the clinical situation in three patients and
was subsequently discontinued. Amiodarone
alone was eVective in reducing the frequency of
ventricular arrhythmia in two of these patients;
however, haemodynamically unstable arrhyth-
mia was still inducible during programmed
stimulation and these patients therefore under-
went implantation of a transvenous defibrilla-
tor. In the third patient, further haemodynamic
deterioration necessitated the use of a left ven-
tricular assist device before transplantation.
IABCP was continued for a mean period of 5.1
days (range 1 to 10 days).

Nineteen patients were discharged from
hospital and were followed as outpatients. Dur-
ing a mean follow up period of 25.7 months the
overall survival was 95%. There have been no
late deaths from cardiac arrhythmia.

Discussion
Our experience shows that, in selected patients,
the use of intra-aortic balloon counterpulsation
can contribute to the management of medically
refractory ventricular arrhythmia. That there
were no complications related to the percuta-
neous insertion of the balloon catheter shows
that this treatment can be used with a relatively
high degree of safety in such patients. Our
experience is supported by a larger survey that
describes a complication rate of 4.6% in a
series of 231 patients.4

We believe that the use of mechanical
support is of potential benefit in two groups of
patients. The first group is those with severely
impaired ventricular function in whom the
development of ventricular arrhythmia
suggests end stage cardiac failure. These
patients tolerate negative inotropic agents
poorly and will ultimately require cardiac
transplantation as definitive treatment. As a

Table 3 Results of treatment with intra-aortic balloon
counterpulsation (IABCP)

Episodes of sustained ventricular tachycardia

Patient Before IABCP During IABCP After IABCP

1 >20 4 0
2 >20 0 1
3 >20 0 0
4 18 0 0
5 >20 0 –
6 >20 3 1
7 4 0 –
8 4 0 1
9 6 0 –
10 >20 13 0
11 >20 1 3
12 >20 0 –
13 >20 0 0
14 7 0 0
15 10 8 0
16 4 0 –
17 >20 1 1
18 12 0 3
19 7 0 0
20 >20 0 0
21 >20 >20 2
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supraregional transplant centre we have been
able to provide such treatment, which un-
doubtedly contributes to the overall success of
this approach.

The second group is those in whom either
the arrhythmia itself or the administration of
antiarrhythmic drugs has compromised a
normally stable haemodynamic state. It is of
interest that although the haemodynamic sup-
port provided was only temporary, it was suY-
cient to provide a therapeutic window for the
stabilisation and subsequent discharge of
patients on medical treatment alone (usually
amiodarone). It is possible, therefore, that use
of IABCP simply allowed time for eVective
antiarrhythmic treatment to work, or to allow
washout of proarrhythmic drugs.

Patients with incessant ventricular tachycar-
dia are usually considered candidates for radio-
frequency ablation, although this does have
associated risk. In the 10 patients with IMVT
in this series, eight had achieved control with
IABCP, remaining stable after IABCP cessa-
tion on medical treatment and thus avoiding
the need for radiofrequency ablation.

The mechanism by which IABCP helps con-
trol ventricular arrhythmia is unclear, but we
believe that there are several possible eVects,
both direct and indirect. IABCP has been
shown to increase peak aortic diastolic pressure
and to decrease peak left ventricular systolic
pressure.5–8 This augmentation of the coronary
perfusion pressure enhances coronary blood
flow and therefore myocardial oxygen
supply.9–14 Furthermore systolic left ventricular
oZoading reduces myocardial wall tension and
oxygen demand.6–8 15 16 Although these eVects
will reduce the potential for ischaemia to con-
tribute to arrhythmogenesis, it is probable that
this mechanism is of minor importance. The
patients with normal coronary arteries still
benefited from IABCP, and reversible ischae-
mia was a clinically demonstrable problem in
only one patient with ischaemic heart disease.

A further indirect eVect of IABCP on
arrhythmogenesis may be through a reduction
in the adrenergic drive as a result of supporting
the haemodynamic state and the associated use
of sedation. High adrenergic levels are known
to be proarrhythmic and reduction to be
protective.

Of greater interest is the possibility that the
mechanical eVects of the IABCP in themselves
had a direct eVect in controlling the arrhyth-
mia. The concept of mechano-electrical feed-
back has been derived from numerous studies
showing the influence of alterations in preload
and afterload on arrhythmogenesis in both iso-
lated tissue and animal hearts.17–20 Experiments
in anaesthetised dogs have shown that progres-
sive increase in afterload may result in
ventricular ectopy and tachycardia,18 and that
the threshold for the development of these
arrhythmias is reduced in the presence of
induced coronary artery disease. Stretching of
normal cardiac tissue (increasing preload)
results in a reduction of action potential dura-
tion and spontaneous depolarisation.21–24 Tag-
gart et al reported similar changes in action
potential duration in patients coming oV

cardiopulmonary bypass.25 Clinically, the as-
sociation of heart failure with ventricular
arrhythmias and improvement in prognosis
with certain vasodilators is well established.26 It
is believed that mechanical events may play at
least a part in this process.

STUDY LIMITATIONS

This was a retrospective review of our clinical
practice and consequently detailed haemody-
namic and electrophysiological data are not
complete. Prospective analysis would be re-
quired to provide this information. As a result, it
is diYcult to explain why the arrhythmia
remained suppressed after cessation of IABCP
in some patients while it was ineVective at any
stage in others. Furthermore, it is not possible to
make any definitive comments about the likely
mechanism of action. It is clear, however, that in
a significant number of patients this form of
treatment is of use in aiding control of malignant
ventricular arrhythmia when conventional treat-
ment has failed or is slow to be eVective. We
believe therefore that IABCP should be consid-
ered in patients with refractory ventricular
arrhythmia and impaired ventricular function.
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IMAGES IN CARDIOLOGY

Candida endocarditis of the right heart

An 84 year old woman was referred for surgical
evaluation. Her clinical history was characterised by
hypertension and a permanent pacemaker implanted in

June 1997 because of complete atrioventricular block.
Two months before, she had undergone successful
antibiotic treatment for a gastrointestinal infection; one
month after discharge she had septic fever and a new
diastolic murmur. Blood cultures were positive for
Candida albicans.

Transthoracic echocardiography showed normal cardiac
sections and a large mass in the right atrium prolapsing
into the tricuspid valve orifice. Transoesophageal echo-
cardiography (pictured) showed two large vegetations: one
attached to the pacemaker catheter; the second free in the
right atrium and connected to the first vegetation. Both
vegetations prolapsed into the tricuspid valve during dias-
tole. There were no signs of pulmonary involvement. The
patient did not undergo surgery because her general clini-
cal condition was very compromised and the surgical risk
too high.
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